The N-N bond breaking of the N2 molecule on a metal surface is the key process in the ammonia synthesis using heterogeneous catalysts. Herein we discuss electronic factors in the bond cleavage on the basis of electronic-structure calculations. It is shown that the hydrogenation of the end-on coordinated N2 molecule may play an important role, which may be accompanied by electron transfer from the catalyst to N2.
is expected to occur on the catalyst surface in the ammonia synthesis from N2 and H2. We think that this modeling should be reasonable because our separate supercell calculations on the N2 adsorption and the H2 adsorption on the MgOsupported Ru nano particles show that the chemisorption of H2 is much faster than that of N2. The supercell calculation was carried out using the MaterialsStudio/CASTEP code [6] at the DFT (PBE)-based first-principles molecular dynamics (FPMD) where the ultrasoft pseudo potential was used and the wave functions were described by the plane wave basis set.
Its energy cutoff was determined by specifying the "Express" option in the software. In this implementation, only the Γ point was included in the k space. The catalyst model was prepared through partial optimization of 8Å×8Å×8Å cube-like Ru nano cluster (using the "Nanocluster" option of MaterialsStudio/ Visualizer [6]) adsorbed on the MgO(111) surface whose geometry was fixed to that of the single crystal. The gas sorption was simulated at 3000 K at the fixed geometry of the Ru+MgO catalyst where the compressed gas model [7] was applied.
Results and Discussion
We performed DFT calculations of the N2 coordination onto the Na, Cs, Cu, Ag, and Au atoms in order to investigate important electronic factors in activation of N2. These models were chosen because each metal atom (M) is expected to donate one electron to N2 upon coordination. This expectation seems reasonable because of the low ionization energies (IE) of the metal atoms: for example, the reported IE value for the Cs atom is only 3.894 eV [8] . As mentioned in the Introduction, electron transfer from metal to N2 has been considered in the literature as the most important factor in the ammonia synthesis [2] . Table 1 show some structural and electronic features of the M+N2 system at the optimized geometry. Table 1 . Important geometries and electronic parameters of the models in Figure 1 . Figure 2) . In this simulation, we include the N2 molecules to the systems with the hydrated catalyst surface. So far we have been successful to reproduce the formation of one ammonia molecule as shown in Figure 2 .
In the simulation, the N-N bond breaking was initiated by hydrogenation of N2. This feature is consistent with the present model calculations using the metal atoms discussed above.
For further information, extensive FPMD simulations are in progress and will be reported in our future publications.
Summary and Conclusions
We have reported electronic structure calculations investigating important chemical factors for N2 activation in the ammonia synthesis. Our simulation results suggest that hydrogenation of N2 on the surface of ammonia synthesis catalysts and electron injection into N2 are the key factors in this important catalytic reaction.
